The micro tube array in triple layer structure is constructed due to solubility difference phenomena. The triple layers are fabricated by photolithography process with i-line and SU-8 photoresists. The first and third layers are formed with SU-8 photoresist process. The second layer is formed by i-line photoresist process. Both i-line photoresist and unexposed SU-8 photoresist can be dissolved by dipping in the SU-8 developer at the same time. The exposed region of the SU-8 photoresist film is remained. The SU-8 photoresist film is formed in micro tube array structure. The shape of micro tube array is fabricated in rectangle of 10.0mm length and 3.05mm width. The array hole is formed 103µm width and 8.96µm thickness. By applying this process, unique structures of microfluidic system such as artificial capillary blood tube can be realized.
Introduction
A challenge of functional micro structure formation is important for fabricating effective micro electro mechanical systems (MEMS) fabrication [1] . Recently, photolithography process is employed for the fabrication of micro structures in two dimensional structures [1] [2] [3] . In this case, several layers are aligned, stacked and sealed with SU-8 (Microchem) photoresist and polydimethylsiloxane (PDMS) in order to form the functional microstructure [4] . In addition to these, several methods were applied to the micro stricture fabrication such as micro tube and microfluidic systems [5, 6] .
In this study, the micro tube array is fabricated by combining positive type with negative type photoresist layers due to solubility difference. As well known, the UV radiation causes a chemical change of the resist layer. That allows some of the positive photoresist to be removed in the developer. In the experiment, the exposed positive photoresist and unexposed regions of negative type photo resist are dissolved in the developer at the same time. The solubility differences of photoresist layers are important phenomenon for the micro tube fabrication.
Experiment

Resist materials
The micro tube array was fabricated by combining positive type (i-line resist) with negative type (SU-8) photoresists. The i-line photoresist is a novolac resin based positive type photoresist. The SU-8 photoresist is epoxy resin based negative type photoresist. The SU-8 developer and TMAH (tramethylammoniumhydroxide) were employed as a pattern developer. The SU-8 developer consists of 1-Methoxy-2-propanol acetate.
Dissolution property of photoresist film
The solubility difference of i-line and SU-8 photoresists were examined. The fabrication conditions of photoresist films are summarized in Table1. The photoresist films were coated on glass substrate (18mm × 18mm× 120µm) to be 10µm thickness. After the baking, photoresist layers were immersed in the SU-8 developer in order to evaluate the solubility difference. In addition, the SU-8 film thickness difference was measured by comparing the exposed area with unexposed area.
Micro tube array fabrication
The fabrication conditions of micro tube array are summarized in Table 2 . A schematic lithography process flow of the micro tube array is also shown in Fig.2 . (a): The SU-8 photoresist was spin-coated on a glass substrate. The SU-8 photoresist film was baked on a hot plate. Table 2 Fabrication conditions of the micro tube array. (j): The exposed region of SU-8 photoresist patterns were remained and formed a micro tube array on the glass substrate. Table 3 summarizes the resist film reaming after the development. The exposed area of the SU-8 photoresist film cannot be dissolved in the SU-8 developer in all baking conditions. The unexposed SU-8 photoresist film and i-line photoresist layers at below 150 o C are mostly dissolved. However, the photoresist films baked Table 3 Dissolution property of the photoresist. . over 200 o C are remained on the glass substrate. From these results, the SU-8 photoresist solubility decreases with the increase of the baking temperature. Figure 4 shows the SU-8 photoresist films remaining property depending on the baking temperature. The thickness of SU-8 photoresist film clearly decreases with increasing the bake temperature. Over the baking temperature at 250 o C, UV hardening effect of becomes low. Therefore, the photoresist bake temperature should be set at 95 o C before development in micro tube array fabrication. Figure 5 shows a photograph of the micro tube fabricated in this study. The micro tube array is formed in 3.05mm width, 10.0mm length, the array holes were 103µm width and 8.96µm thickness. It can be observed the three micro tubes are fabricated on the glass substrate. The micro tube arrays couldn't be peeled off on a substrate due to surface tension and film stress. The micro tube inlet can also be observed by the optical microscope as shown in Fig.6 . The micro tube arrays are observed as a round shaped section. For the tube operation, deionized (DI) water was dropped onto the inlet port of micro tube array by using a syringe. The water flow in the micro tube can be confirmed by using optical microscope as shown in Fig.7 . DI water can be flowed into the applied as a micro tube from micro tube inlet due to capillary force. From these result, micro tube array can be functional fluidic system.
Results and Discussion
Dissolution characteristics of the photoresist
Micro tube array operation
Conclusion
The solubility difference of i-line and SU-8 photoresists is employed for micro tube array fabrication. The photoresist films solubility are changed by baking temperature before the development. The micro tube array can be formed by combining positive and negative type photoresists due to solubility difference. The micro tube array holes are formed 103µm width and 8.96µm thickness. The micro tube operation is confirmed by dropping DI-water onto micro tube inlet. Water flow can be caused due to capillary force. This process can be applied to other microfluidic system such as artificial capillary blood tube is can be realized. 
